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«*aaniufc«L 5%o«K*«f*5 o g zmTtrnt l 
#p>nfciowt%pt/c (c-i*) ( 

, «TI§J«) tt»*6XRDT*P t (11 
1) 8W815A, ffi^fcfrftfc^Jtft a = 3 . 9 2 

[0 0 4 4] fe«W2 0HiftW2-9) ^-^vfej^a 
20 &--flii^&fefegt<PStjg 

»5t«l-C»biX*:P t/C»* (C*-l) 5 0g£ 
Jft^^^Tkl 0 0 0ml (CjH*»"C»»$**&— y 

u 0 . 4 3 5 g SrfigRffi (II) t LT*tf*«JS 1 5 
0ml^7yHC^UcS, 5%fc K7^>*R* 
*at*o<D»TlWS5 ) ^7y-wpHSr8. 0 lc 
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M»EN o. 
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Pt 

(%) 


Cu 

(%) 
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C- 1 * 


10.30 


0 


1 00 


0 


3. 923 


C-2* 


10.24 


0. 87 


7 9 


2 1 


3.876 


C-3* 


9. 99 


1.02 


7 6 


24 


3. 863 


C-4* 


9. 90 


1.64 


6 6 


34 


3. 842 


C- 5 * 


9. 84 


3. 1 0 


5 1 


49 


3. 793 


C-6 * 


! 9. 73 


5.0 1 


39 


6 1 


3. 756 


C-7 * 


9. 47 


6. 58 


32 


6 8 


3. 738 


C-8* 


9. 34 


8. 06 


2 7 


7 3 


3.723 


C-9 * 


8.5 1 


1 4. 3 


1 6 


84 
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C-10* 


0 


1 0. 1 


0 


1 00 
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*«se*i 6»raft«u, y'-^v-^aaF^p t-c 

u^ttffi (C-l 1) £#/c Q 5c»»«f*»6 9. 8% 
P t - 1. 0 3%Cu/C (P t : Cuiftfc7 6 : 2 

fc e XRDJ:^ Pt (111) 39A, ffi 
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= 7 6:2 4 lC»«?i-S*A*4^**3£*f4 a = 3 . 
8 6 8t*$)ot URI, 10%Pt/C (C-l*) fl» 
<b®a§miCt£oTS'H£§^£LfcP t : Cu«7 
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&I13. 8 6 3 At'footo 
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jjRfi^P t : C u= 1 6 : 8 4 *5Bj6ft^A:0>£*t a 
= 3. 6 8 7»ciEV***3e«&*LTV*fc. Pt-Cu 

<Dc u asftit-fetcfc^avb^-r, £>fca>t> c u # 

MtK (C-l l) tt£**jftffltt**»»**#i-5* 
^/uhvttjKfci^fiSftfc. C- l l <o»*S:#3axR 
Dir/M^iSU 5 0*C % 10 

or, i5ot^ 5 o^raiB-cSiab^jftSfe^iaSJ- 

ifcttSXRD*^ h;^8KUci::5 3 0 Ottli 
a = 3. 7 9 0 t^&<Diknfrb<DmtfclZtAsk'mi<^ 
\Ct>frfrt>bb~r 7 0 0^*5^X1* a = 2. 8 52 

[0 0 5 0] wOj:5Jc^FStt^*Kffl.-eJDl»-r5t 
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lt««l i:l^««CLr 2 0%P t/CttfflC (C*-l 

2) tBMufc. 

[0 0 5 3] Bs&fll5 (K»W13) ^-TKvmit^^ 
12(OPt/Cfi4I (C-12*) 50g^ 
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\,\ ZiX<Kf&«< ^^A*? U-25O0mlt:Cu3. 
2 g Srffififfi (II) t LX^tr*f$m 150ml^ 

m^fzztskftnmmms tw\mz^m\,xp t-cu 

&&/C?&m (C-l 3*) &'&1t 0 5n*»«fJ:0 K9 
^Mt'Ptl8. 8wt%. Cu6. 0wt%^t 
L, Pt ;Cu JJsmt 50 : 50, XRD«tDPt (l 

1 1) SBfif84 5A 1 B*ai****3K»a = 3. 7 
9 0A/i5jll$^«8tfcoto C-13*li20% 

p t/cijfeo^tta^efcs^ i o%p t/c&&<o 

S^FP t - C uWtOUt-WtWMBo^- K 
[0 0 5 4] ^%0tJ2 (KS6W14) ^y-^vfe^e^ 

^^h^lttlt (C-l 4) OSSif 

SUSPJl 3t#f)ilfcP t -Cu^Mi (C- 1 3 

*) *x*emi \zm*x&fit#xmmT2 o otoi o 
5 % y ys^ 7 y - 1 1 2 t fc c i: K^tt, X 
asm tmrnztomLxy—^rms. (c-h) * 

t#fc 0 tc5R#*tU:J:9 rttf±K7-r»»-ei 9. 7wt 
%P t, 2. 6 w t%Cu (m*ttP t :Cu = 71 : 

2 9) XRDKJ; P tgifS3 8 A. B'L> 
£#A«m£»a = 3. 8 12A65»«t"Cfeofc, B 
UOPt : C ul^lk= 7 1:29 
*fiH«**A<Z>»^«*tt a = 3 . 8 5 2 XlhZ><DX 
C-l 4lie^^^yu-h>fitffi^l^^^ttfc 0 

[0 0 5 5] tt&m6 0HatWl5) 
-J/^F^Mi (C-l 5*) <PBIi£ 
SiitMl 2 (DP t/Cfefe{& (C- 1 2 *) 50g^ 
^-VTKt-^^y— ftlCo 3. 2gM^/^h (I 
I ) t LT^frzK^fg 15 0ml £8^10 LfcVfitfMiR 
Sfl 3 i l^fltlcM L t P t - C o ^/C*i| (C* 
-1 5) «r»fc. 7G*5>»IC*0 K^tMTCP t 1 
8. 9 w t %, Co5. 7wt%(Pt:Co IK^Jfc 5 
0:50) trg-ftU XRDlCi DMf&3 2 A, » 
-?-5£gCa = 3. 7 6 7 A^B^4*Afrft^5)45 

[0 0 5 6] HlfeflJ3 «acWl6) *^tf>'&Zf&& 

Z^^±>^MME (c-i 6) g>»i& 

ffi£it#Jl 5Tf WcP t-CoB8*^4/C*«E 

(C-l 5*) »»kMl iB«fcJHILty-f 
8MEC-I6«r»fc. 7C*»*ftXRDlcJ: 0 K?-f* 
gt'19. 9wt%Pt, 1. 2wt%Co (Pt:C 
o^tfc=8 3:17) 9 A, t&^£fca 

= 3. 7 8 7A45ffi^4*4^4i«ofc 0 «i*KiS 

Ml 5(C*dV^TC o <Of±&^E;£ 0 . 6 0 gtC^x.-CS'i 

^»is (aiaiM 17) ifcpt-co ®m»&&mm 



(C-l 7*) HtX R D"(?iBfc4*4*t» a » 3 . 
8 6 0 A£^Lfco i-*fo*>C- 16 liC - 1 7 * £ 
m-omf£X'ib V t£&h&F&&&9\ bMZ'b S < C o 
(^iffloc o y y^-fr&ttBEC- l 5 *tcfi< . 

[0 0 5 7] itfe0ij7 (»a8Wl8) *~#>*8i56& 

= ^ L »vu^te^ (c-i s*) (omm 

m&mi 2<dp t/cttlSE (c-i 2 *) 

^y-l-N i 4. 0 gfcflMfc=?4r/l' (II) tlTt 

Pt :Ni BF^Rt=4 3 : 5 7fc3fi#P t — N i 

(C-l 8*) £t#*i 0 XRDtcifrtfft^SR 
a = 3. 7 6 245S't4**-C*ofc. 

[0 0 5 8] gfflgU (MW19) 
^^hy^UBt (c-l 9) (Digit 
Sigffll SXmhtltzP t -N i £*&ftfej® (C-l 8 

*) xikfliccjsrts i o 5%#y yyaioom 

lOftfcOtO. 5NW«B»***10 0mlS:fflV\ 

**^^ataT 6 ott 5 ttiflflttt ufc»«^se«0»j i 

20 tl^WctoSL-C. P t : N iJR?-tt:7 5 : 2 5#S» 
^■gfta = 3. 7 8 4 AOB<toU!r£-frA*»&ttS*-- 
*>a»S*^^h^*A*«lt (C-l 9) £#fc 0 
(fe*»itW-l 7 tC33<ATN i 0>£ki&3tft$: 0 . 8 5 g IZ 
KJtfcHftttSiaffil 1 7(c2|iCTS'Ji£§^ (SUS0U2 
0) £*T,*:P t : N il^tt:=7 5:2 5(OPt-Ni 
H*ff*A*WKf*B<fat***3ett a = 3 . 8 6 0 X'th 

[0 05 9] «TH««-* 20%Pt/C (C * - 1 
2) 6*Wfi«fPt-Cr, Pt-Mn, P t — G a , 
30 P t - V-F e&XTfP t-Fe-C o (D#H@^(fc^ 
^tl^tlC - 21*. C - 2 4 * , C - 2 7 * , C 
-3 0**5<fctfC-3 3 *«rlMU -tftba^XttM 
ItcmCTCr. Mn, (G a , Co) , (V, Fe) 
*3j:tMFe, Co) S:-tixWI»*LX#JC"t-** — 
# ^fi»6^^/H- (C-2 2) , (C- 
25) , (C-28), (C-3 1) &£Xf (C-3 
4) Sr»fc. Ztlt>7tV>$-&m i J yfftaAWW** 

40 (C-2 3.*) , (C-26*). (C-29 

*) , (C-3 2*) *5J:tf (C-3 5*) Ott-T-Sft 
£ w t ftxm 2 tc^-r o 
[0 0 6 0] 
[£f2] 



50 



15 



(9) 



4#HfWi 0-6 9 9 1 4 

16 







(A) 


(B) 


( B ) tDtefiJflOS 
2g#a& (C) 


Pt : Cr 




C-2 1 * 
52:48 
f cc^SUUJti 
3. 849 


C-22 
78:22 

f cc^mm 

3.857 


C-2 3* 
7 8:22 

3 . 8 7 9 


Pt:Mn 




C-24* 
45:55 

a=b=4. 004 
c = 3. 676 


C^2 5 
76:22 

a = b= 3 .974 
c = 3. 7 t 9 


C-2 6* 
76:22 

3 . 8 8 4 


P t : Ga : Co 




C-27* 
5 1 : 24 : 25 
t c c-rstflyTx 
3. 840 


C-28 

7 9:9:12 

T C C •T^JCWJUfc 

3. 856 


C-2 9* 

7 9:9:12 

3. 885 


Pt : V : Fe 




C-30* 
50:25:25 
f cc=F&&JtiE 
3. 854 


C-3 1 

76:13:11 

f c c^mm 

3. 863 


C-3 2* 
7 6:13:11 
fccWItt 
3. 889 


Pt : Pe : Co 




C-33* 
48:26:26 

3. 783 


C-3 4 

74:13:13 
3.816 


C-3 5* 

7 4:13:13 

3. 864 



fc»«8 (SSifffJ3 6-3 7) a#P t»«t<P8B& 
jRjg0»JllC*5V^Tlfc*®ari 1 0m 2 /gORMftSSF^- 
*-T$^zf7 : y?<nRfi*)\C)ki&mm2 6 0m 2 /g<Z> 
**l*-*V^9y^ (Cabot it, Vulcan 
XC-7 2R) SrttJHU lKfcfcoT*-* 

-C 3 0%P t/CttfflE (C-3 6 *) *J<fctf4 0%P t 
/CM (C-3 7*) SrJKfiLfe. 
[0 0 6 1] HttW5 <«3&flH39) j&-^yflg6^ 

tk«0»J2lC*5V>Xl 0%P t/C (C*-l) OftfeO 
(C3 0%P t/C (C-3 6 *) 5 0gOTL^t 
V7K3 0 0 0m 1 y — fbU CuWftfeOICC 

0 2 . 2 5 g *r£trttlk = '<4' h (ID t N i 2 . 2 
5 g^tfffi^-y^/i- (II) 0ft-fr*»K«:Kftll, 
few t«*Hitt:tt«2 4:W«lcU-Cfaj»P t-Co-N 

1 B«»g»£ftfei« (C 



30 



Hi£#j 1 t LT P t : C o : N i J^T"it= 7 

4:13:1 3 t£Z>Uf&<D*— #i'fil»fi£**Vl' b 
£-&fefeS£ (C-3 9) £#fe, fit*. C-36*H: 
. c7>»/£<a@Sfc^&ttttt (C-4 0*) £:ffl£«ifL 
fe a 

[0 0 6 2] |5]flC4 0%Pt/C (C-37*) 50 
g^rffl^-CwixtdCu 6. 5 z*<at*$mm (II)* 
^$:ttLtji^P t-Culi^il (C-4 
1*) trttftU lJi«r»«H©»l-«aitrPt : 
Culgmfc=7 2:2 8(7)6^^h^^I (C 
-4 2) SrKSLfe. *fcC-3 7*^6»*t5aa 
tOBgffc^&ftfeJS (C-4 3*) *:ffi«8ijftLfe. 

[0 0 6 3] £ftb^^*MI«>»*#, *frT"3e*OH: 

[0 0 6 4] 
[^3] 







BS3fe£& (A) 


X * )l h > & & 
(B) 


(B)©t&fiR<oeg 
f9»^t± (C) 


P t : Co : N i 


ISflJB 


C-3B* 
50:26:25 
f c cTOUNtt 
3. 774 


C-39 

74:13:13 

f c cTftUMt* 

3. 797 


C-40* 
7 4:13:13 
fccWtt 
3. 845 


Pt :Cu 


Bt«t 


C-41* j 
50:50 
f c c^FJSffJtS 
3. 791 


C-4 2 
7 2:28 
f c c=H«'J& 
3. 809 


C-43* 
7 2:28 
fee TOBJNtt 
3. 852 



2. ®&<7>®ii£ 

±fE<DSii§0iJ 1 , 3, 9, ll-4 3iaot}|^f: 
AUKC-l*, C-3*. C-9*. C-ll, C-l 
2 * — C — 4 3 X&^tl^tltfV r- h77/U^-nxfl/ 
(D u P o n t tt> i£o D a£ T E F L O 
N, TFE-3 0) *IOB*«-0#ttS-fr. ttK&tfP 



50 



f h 7 l/V i: $:g:iSltit 5 0 : 5 0T^ 

= *A**J^rs»«wJ:0«ttO»Sr«fa*-frfe o 

— 3fc»Mt TGP-H-l 2) Jblc. * 



(10) 



&ffl¥-l 0-6 9 9 1 4 



17 



18 



^350^1 s^Mtr^ii^o mmc-i 

C-3*. C-9*, C-ll, C- 1 2 *~C- 
4 3 *^e>H»Sixfc«ffiS:-tH-lfixE- l * % E -3 

E-9*. E-ll, E-l2*-E-43*^ 
i-£>o w*tbO«Sli^T««l cm 2 ^fc»5 5. 0 m 

3. tttfcKS* 

2 o oti:§j$^fci 0 5%y 2 4 

##;*ifcifc/§fl!]K:g^ (02 ) ^^6 00ml/mi 



-5* * v^-««^#ue&l»fc»oT*SI^S:^y 
yy^L^^yf^bfti^BSffi (RHE) itDpj] 

|:OH6 0 0mA/cm 2 gSit'Oi^(D^g 
-3*, E-1U E— 1 2 *~E-4 3 * <D&* <D^ 

(mA/mgPt) £:5fc£>fc 0 

[0 0 6 5] 
[^41 







EC. USA 
<tf /g) 


Oj&tcK 

sett 

MA/mgPt) 




m& j 


C-l* 


10* Pt/C 


E-l * 


120 


40 


C-9* 


-&^Pt-€u(16:84)/C 


E-9* 


72 


70 


c-u 


XMH* ^Pt-Ca(16:24)/C 


e-ii 


91 


86 


C-3* 


-&^Pt-Cu(76:24)/C 




75 


68 













[0 0 6 6] 



[0 0 6 7] 



C*5] 



mm 



C-12* 



C-13* 
C-14 



C-15* 

C-16 

C-17* 



C-18* 

C-19 

C-20* 



C-21» 

C-22 

C-23* 



£^Pt-Cu(50:50|/C 
^frJUK^P t-Cu(7 1 i 2 9)/C 



^Pt-Co(50i50)/C 
X$-/l>K>Pt-CO(83i1 7>/C 
Pt-Co(83: 1 7)/C 



^Pt-Ni (50:50>/C 
**rJW h >P t - N i < 7 5 i 2 5 )/C 
Pt-Nl (75:2 5)/C 



^Pt-Cr(52i48)/C 
**A> h>Pt-Cr<7Bi22)/C 
Pt-Cr(78i22|/C 



C-24* 

C-25 
C-26* 



C-27* 

C-28 

C-29* 



^Pt-MnM5'55)/C 
Xfr)\*h>P t-Mn<7 6 i 2 4)/C 
•Q^k Pt-Mn[76t24)/C 



C-30* 

C-31 

c-32* 



C-33* 

C-34 

C-35* 



2 0XP tXC 



E-12* 



E-13* 
E-14 



E-15* 

E-16 

E-17* 



18 * 
E-19 
B-20< 



•21* 
E-22 
E-23* 



E-24* 
B-25 
E-26« 



^Pt-Qa-Co 
(5 1 t24»25)/C 
X7)\,h>P t-Ga-Co 
(79t»i1 2)/C 
#A Pt-Ga-Co 
(79:9: 1 2)/C 



^Pt-V-Fe 
(50t25:25)/C 
%r)\,l>9 t-V-Fe 
(76i1 3a 1 1 )/C 
Pt-V-F« 
(76:1 3t1 1)/C 



ftfePt-Fe-Co 
(48i26s26)/C 
^K>Pt- Fo-Co 
(74 1 1 3i1 3)/C 
t«Pt- Fe-Co 
(74: 1 3t 1 3)/C 



E-27* 



B-29* 



E-30* 

E-31 

E-32* 



B-33* 

E-34 

B-33* 



EC. MSA 



116 



68 

77 



68 
102 
92 



78 
89 
80 



68 
77 
67 



80 



89 



81 



74 

85 
75 



82 
94 
84 



50 [^6] 



39 



52 
60 
53 



58 
68 
60 



4B 

58 
50 



47 
54 
46 



( uA/m g P t ) 



72 



80 



68 
79 
66 



84 

95 
82 



19 



(11) 



ftfflW-l 0-6 9 9 1 4 

20 





Ate: 

mm 


UP HQ A 

ur /g; 








C-36* 


3ox pt/c 


B-36* 


107 


32 


C-38* 












(50:25:25)/C 


E-38* 


80 


61 


C-39 












(74:13:13)/C 


E-39 


89 


68 


C-40* 


-&&Pt-Co-Nl 










(74:13:13)/C 


E-40* 


81 


62 



[00 68] 



[S7] 







EC. MSA 
On" /g) 


OjJStcS 
MA/mgPt) 






C-37* 


40% Pt/C 


E-37* 


100 


29 


C-41* 


-&&Pt-Cu(50:50)/C 


E-41* 


65 


58 


C-42 


X«H* ^fePt-Ca(78:28)/C 


B-42 


76 


65 


C-43* 


-&&Pt-Cu(78:28)/C 


B-43* 


67 


55 



ttllfcSgE-ll, E-14, E-16, E-l 
9, E-22, E-25, E-28, E-31, E-3 

ioig (E-i*) ciit^i . 4i&-2. 4mh<om 

1 0%^P)2 6%»Pfiit^Lfc Q 
(2) 18**«?&mm*6f*Sfe 
m^E- 1 *$:Ty- K£ L, 1SE- 1 2 *, E-3 
3*. XttE-3 4Wy-Ki:U; *n-eft<0ttttt 
tMMtt*A**vfr&e\ -fc^MkiS i C^hy 
is— HC10 5 % y y»«r«S*fct)IW>- F 

Igf«7. 4cmx7. 4cm^/«| 
S?feSrffl^i:-C^ 0 7/- K«{w**^Sri 0 Om 1 
/m in, * y — 6 0 0ml /m i n <7>£fc 

it'MtW s f), 2 0 0mA/ cm 2 0>fltiEfiA"C2 

#y— F'^s^mf&Kfct^ iooo-20ooffi 



s o o ow«a»©sf«EfiT«Si s a*o«!«oft 

[0 0 6 9] H2*C##«flSL<OI R-7y— «)»^«BE 
so [0 0 7 0 J 

*&**&*MtJ:9 fc»L<K^jraett*r*-*-a. L 
[BBOflV&Ml] 

40 [mn *-#yfi»a4-«i»*^op t : 

[0 2 ] jllSWwftfeaSrfltffl L^m®^: it 

»W(D*Kfc«ffl t^i^rtn^ y- Kfc-ra y 

6 I R-7y-©«*«E«>aWBft«r*tH'e*6. 



(12) 



^BfWl 0-6 9 9 1 4 



II] 



3.95 



8.90 - 



3.85 



8.80 - 



B.75 



8.70 • 



3.65 



3.60 




0 10 20 SO 40 SO 60 ?0 80 90 100 



[02] 



3 

8 



i 



A : MttIC— 3 4 (*3E-3 4) 
B :*V-KW(C-3 3* (WSE-34*) 
C :*V-KABtC-l 2* <«SE-i2*) 




4000 



6000 



12000 



mm 



